The aim of this study is to describe the stepwise process towards creating two formulary lists: one for paediatric and one for neonatal patients covering common diseases in hospital settings.
Introduction
According to the World Health Organization (WHO), 'Rational drug use requires that the patients receive drugs appropriate to their clinical needs in doses that meet their individual requirements (right dose, right intervals and right duration)' [1] . In order to achieve this goal and improve quality of care, it is important that common diseases are treated with few cost-effective medicines. The selection of these essential medicines should be based on standard treatment guidelines (STGs), treatment algorithms and drug consumption data [1] , thereby creating a 'formulary list'. The process of selecting medicines should be transparent, that is, a public formulary manual should be available, involve all stakeholders, and be driven and monitored by a Drug and Therapeutics Committee (DTC) [1, 2] . This concept was originally introduced by the WHO for adult medicine in the 1970s [3] and has been implemented in Denmark for more than two decades. In 2007, the WHO introduced a similar model list for essential medicines for children [3] . In contrast to adults, less than 50% of authorized medicines commonly used for children and adolescents have been appropriately tested in this population [4] [5] [6] . Off-label use and use of unlicensed products may lead to suboptimal treatment and exposes children to unknown risks of adverse events [7] . For example, some excipients added to the active ingredient are particularly harmful in neonates [8] which might not be common knowledge for all clinicians. Hence, efficacy data is required for each age group in order to support drug selection, as are safety data [9, 10] . Different initiatives exist around Europe to support paediatric prescriptions. In Sweden, two formulary lists exists: one developed by The Stockholm County Council [11] and one by the UppsalaÖrebro County [12] . In the UK, a more comprehensive version of all available drugs is updated annually, and is known as the British National Formulary for Children (BNFc), which also includes neonates [13] . The work of BNFc has partly been adopted by the Medicines for Children Network, established in 2009 in Norway [14] . In the Netherlands Kinderformularium [15] similarly advise treatment regimens. In Denmark no such comparable initiative existed, and was requested by the paediatricians since a survey revealed that comparable paediatric departments used various and different drugs. Albeit, different drugs may be selected for the final formulary list, the process should be somewhat similar between countries.
This study aims to describe the stepwise process towards creating two formulary lists: one for paediatric and one for neonatal patients covering common diseases in hospital settings.
Methods
The Regional Council in the Capital Region of Denmark funded a three-year project (2014) (2015) (2016) to facilitate the development of formulary lists for neonates and children. The overall annual budget was €133.333. This project did not require formal ethical approval.
Step 1: Organizing the editorial board A core team of a clinical pharmacologist subspecialized in paediatric pharmacology (project manager, 0.3 fulltime equivalent (fte)), a junior doctor (1.0 fte), and a pharmacist (0.1 fte) at Department of Clinical Pharmacology, Bispebjerg Hospital, Copenhagen University, Denmark, coordinated the project. The pharmacists assisted in prices and availability of drugs. The council for paediatrics and neonatology appointed specialists in all paediatric fields from four university hospitals in the Capital Region to support the project. Hence, one paediatric expert and one neonatologist were appointed for, e.g. drugs used in diabetes, as part of the Anatomical Group A 'Alimentary tract and metabolism' (ATC A), etc. [16] . The 21 members of the editorial board were not paid.
Step 2: Procuring drug consumption data and database management Information on purchased medicine from all paediatric and neonatal departments from 2014 to 2015 were procured from the regional pharmacy database. Data comprise defined daily dosages (DDD), formulations, packages, strengths and costs. The DDD system is managed and maintained by the WHO [17] . No specific paediatric DDD exists, except for somatropin. Accordingly, the DDD can only be used as an analytical tool to ensure drug utilization data from all departments for the initial selection of essential medicines.
For limitations, see [18] . In total the four paediatric departments cover 35 sections and the four neonatal departments cover five sections. The Board agreed that drug substances used exclusively in the specialized sections, e.g. paediatric oncology and extreme premature neonates, were excluded from the next steps. In consequence, ATC G (genito-urinary system and sex hormones), V (various), and L (antineoplastic and immunomodulating agents) were excluded due to little relevance for the common paediatric and neonatal patient.
The database management system was constructed using Microsoft Excel ® version 2010. Drug substances were aligned according to the ATC classification system, which includes information on ATC levels 1 to 5, e.g. with the fifth level being information on chemical substance [19] . Since the latter does not include available formulations, packages and strengths, a new set of data were drawn on a more detailed level for all drug substances (see Figure 1 ), hereafter referred to as detailed ATC level best described by item numbers (i.e., unique drug substances, formulation and strength).
Apart from the inclusion of drugs based on the extent of use, the evaluation of each drug substance was qualitatively based on labelling status, obtained from the newest Summary of Product Characteristics (SmPC) at the Danish Health and Medicines Authority website, or in the case of central approval, on the European Medicine Agency (EMA) website [20, 21] . If labelling status was unclear, the company holding the marketing approval was contacted. For example, the phrase in the SmPC is often unclear if: ages are not provided as numerals, the term 'children' is used, or preterm and term neonates are not specifically mentioned [22] . Drugs substances used at the neonatal departments were additionally evaluated regarding the content of potential harmful excipients. Ethanol, benzyl alcohol, propylene glycol, polysorbate, aspartame, parabens, benzoates, benzalkonium chloride and sorbitol were considered potentially harmful excipients in accordance with the Safety and Toxicity of Excipients for Paediatrics (STEP) database [23] .
If content of excipients was not specified in the SmPC, the company holding the marketing approval was contacted. In case of extemporaneous prepared drugs, the pharmacy producing the medicine was contacted. If two products we equally appropriate for the paediatric or neonatal population, the costs were also included in step 2 (see Figure 2 ).
Standard operating procedures (SOP) for each of the activities were also described in detail at this step, i.e. for handling and sorting DDD data, for literature search including how to interpret data from the SmPC (see above), for selection and evaluation of drug substances, and for the visual look and contents of the formulary manuals and for the paediatric and neonatal formularies, respectively.
Step 3: Formulary list and formulary manual
For every ATC group a consensus meeting was held with the paediatric and the neonatal specialists. Neonates were defined as the period from birth up to 44 full weeks post menstrual age [24] .
A week before the meeting the specialist received the SOP for selection and evaluation of the drug substances together with the preliminary list with all gathered information on the drug substances including available STGs [1] . STGs do not necessarily choose between analogue drugs; this was done when developing the formulary lists. All references, answers from medicinal companies, and decisions were documented in the publicly available formulary manual (in Danish) (see Figure 3) . If no appropriate marketed alternative existed (licensed or unlicensed, i.e. imported from another country), the available extemporaneous products were evaluated.
Each formulary list includes: ATC groups; ATC A (alimentary tract and metabolism), B (blood and blood forming organs), C (cardiovascular system), D (dermatologicals), H (systemic hormonal preparations), J (anti-infectives for systemic use), M (musculo-skeletal system), N (nervous system), P (antiparasitic products), R (respiratory system) Figure 1 Illustration of the Anatomical Therapeutic Chemical (ATC) classification system and ATC codes, including the detailed ATC level which include formulation, strength and packages of the drug substance and S (sensory organs). The specific content of the two formularies is exemplified in Figure 4 and includes the specific drug substance, strength, the labelling status and comments for some drugs concerning special warnings, excipients, etc. The formularies are available in Danish for all hospital employees. For another example, see Supporting information.
Step 4: Implementation and education
As a consequence of the work with the paediatric and neonatal formulary lists, the Council for Paediatrics and Neonatology have agreed to establish a paediatric subcommittee within the Regional Drug and Therapeutics committee to implement, update and maintain the formulary lists. The members will consist of a clinical pharmacologist subspecialized in paediatric pharmacology (Chair), a paediatrician appointed by the Regional Council for Paediatrics and Neonatology (Co-Chair), one paediatrician or neonatologist from each hospital, two paediatric nurses, two pharmacists and a representative from the regional DTC. The secretary of the regional DTC will serve the paediatric committee. The Committee will meet four times annually. The primary goals and objectives will be to ensure that only efficacious, safe, cost-effective and good quality medicines are used by constantly reviewing the current formulary lists, by facilitating education in paediatric pharmacology, and by focusing on preventable adverse drug reactions (ADRs) and medication errors.
Nomenclature of targets and ligands
Key ligands in this article are hyperlinked to corresponding entries in http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [25] .
Results
The total number of drugs evaluated was 411 ATC level 5, which covers 1097 unique item numbers prior to the
Figure 4
Example of the paediatric and neonatal formulary lists. The formularies contain the specific drug substance, strength, age approval and comments Development of one paediatric and one neonatal formulary list paediatric formulary list, of which 263 item numbers were included in the final list (see Table 1 ). In neonates, 201 drugs ATC level 5 were evaluated covering 348 unique item numbers, of which 104 item numbers were included in the final neonatal formulary list (see Table 1 ). In total, 88% of the drugs included in the paediatric formulary list were licensed for children (not specified by age group), 2% were unlicensed in Denmark, and 7% were extemporaneous preparations made by two pharmacies. The remaining 3% were off label according to the Danish SmPCs (not shown in Table 1a ). For neonates, the percentage was 48%, 4% and 16%, correspondingly. The remaining 32% were off label according to the Danish SmPCs (not shown in Table 1b ).
For all ATC groups a substantial reduction in the number of drug formulations was possible, without compromising the need for various formulations and strengths for common and acute diseases. The greatest reduction was made in ATC N (Nervous system) in both formularies, with a reduction from Table 1 Total number of drugs (ATC level 5) and item numbers (detailed ATC level, i.e. formulation and strength) prior to and included in the paediatric and neonatal formularies. The percentages of drugs being licensed, unlicensed, and extemporaneously prepared are shown in separate columns. a Does not distinguish between licence for all paediatric age groups or only a subgroup. b The only drug included is intravenous metronidazole which is a part of ATC group J in accordance with the ATC system.
Anatomical Therapeutic Chemical (ATC)
248 item numbers to 27 (89% reduction) in the paediatric formulary list and from 70 item numbers to 17 (75% reduction) in the neonatal formulary list. Marketing holders were contacted for clarification on age approval or excipient content. Adding up to a total of 37 correspondences primarily on matters of age approvals, 128 manufacturers were contacted to obtain excipient information and 26 comments were made regarding excipients in the neonatal formulary list. Further, an overview of the ten most well-known harmful excipients and their threshold for toxicity were added in the neonatal formulary appendix.
Discussion

Rational drug use
The overall goal of the paediatric and neonatal formularies are to support paediatric prescriptions concerning dose tailoring, evidence-based treatment, safety and costs. This concept combines clear principles for rational drug use [26] . Just as important, the process must be transparent, consensus-based with an offset in drug consumption in the clinical settings and standard treatment guidelines, in order to ensure ownership and henceforward use [1] . Fewer drug formulations will enhance familiarity with the ones chosen and diminish the risk of medication errors, as the latter has often been linked to dosing errors and formulations [27] .
Thus far, the paediatric and neonatal formulary lists have been presented to the staff at the paediatric and neonatal wards at all hospitals, to inform about the stepwise process for developing the two lists, as well as to ensure that each department was given a chance to comment on the lists. This has been a fruitful and fundamental co-operation adding different perspectives to the drug evaluation process. The core team did also meet with the Hospital Drug Services in order to ensure the lists could be efficiently implemented [28] . In general, both clinicians and non-clinical staff have received the lists positively. Since dosages guidelines were not part of the presented lists, this issue was discussed in depth with the medical doctors. The lack of evidenced-based drug monographs containing information regarding paediatric prescribing is clearly a threat to safe and effective medicine use [29] . This step will be very time-consuming, will require national collaboration, was not feasible within the initial 3-year funding and is an obvious limitation of this project. To illustrate the complexity, we here provide three different recommendations for orally administered paracetamol according to: the Swedish list from the Uppsala-Örebro County-10-15 mg kg À1 × 4 for children >3 months [30];
the Kinderformularium-90 mg kg À1 day À1 in four doses for children >1 month [15] ; and the BNFc-Child 1-2 months, 30-60 mg every 8th hour maximum 60 mg kg À1 day À1 , child 3-5 months maximum 60 mg × 4 per day [31] . Hence, there is no international consensus about which dosing guidelines should be adopted. This may also be difficult to achieve, as drug use will be somewhat based on extensive national clinical experience due to a lack of studies. Moreover, drug policies may vary between countries (e.g. use of antibiotics). Further, it is often difficult to conclude whether a drug is used off label, for example in relation to age, as generics may have been authorized for different age groups by various national stakeholders [22, 32] . Another challenge is that the availability of drug formulations varies between countries [33, 34] For example, flucloxacillin oral solution, ibuprofen suppositories and oral solution is marketed in Sweden but not in Denmark [35] . Drug substitution with unlicensed drugs is not always feasible in small countries due to unstable drug supply, the extra procedure of applying for a compassionate use permit, and the package leaflet written in a different language. Further, the permission for compassionate use is only granted to a specific hospital department, i.e. the drug is not available for outpatient use. This is reflected in the relative small fraction of unlicensed drugs included in the formularies (see Table 1 ). Extemporaneous formulations are sometimes used in such cases; such use is problematic and should be limited as much as possible due to lack of studies. However, for some neonatal drugs the extemporaneous formulation was superior to the licensed formulation with regard to content of excipients (e.g. Oramoph ® ). The low strength Oramorph ® formulation (2 mg ml À1 ) appropriate for children contains 0.105 ml alcohol per ml [36] , while the high strength oral drops (20 mg ml À1 ) inappropriate in paediatric settings is alcohol free, as is the extemporaneous alternative Opium drops 4 mg ml À1 (internal data). We consider alcohol-free replacements ethically crucial, bearing in mind the examples of elevated acetaldehyde measured in neonates [37] and exposure of ethanol to neonates with chronic lung disease [38] , supporting the need for a separate neonatal formulary. Equal access to child size medicine for all children in the EU is still the goal of paediatric regulation. Our data show scarcity of licensed paediatric formulations which necessitates use of unlicensed and extemporaneous drugs in a formulary, since, for example, losartan liquid formulations of antihypertensive medicines are not licensed in Denmark even though the product is licensed in all other EU countries [39] .
These first editions of the formularies cover paediatric and neonatal drug use in hospital care.
Maintaining and improving a formulary is an ongoing process that will be further planned when the work of the paediatric committee is commencing. A paediatric formulary for outpatient care is a long-term goal for the paediatric committee. However, the reimbursement system is different in primary care; therefore, is not always possible to include the same generics in the two settings and will require a separate formulary list.
Conclusion
We developed first editions of one paediatric and one neonatal formulary. The stepwise process towards a best evidence formulary has previously been described for adults but is somewhat different in neonates and children. The process is time-consuming as studies are lacking and age-appropriate dosage forms and concentrations differ amongst countries. Nevertheless, the process should be somewhat similar between countries and knowledge should be shared internationally. In the future, a pan-European formulary is warranted.
